I. Introduction
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The characteristics common to telecoms development in every Asia Pacific country are diversity and growth, coupled with continuous change and reform. Asia Pacific is the world's fastest growing region with a large and unsatisfied demand for ce,i telecoms networks and services, ranging from the most basic to the sophisticated. Some 148m lines are planned across the region by 2000 at an average cost of US $1500 a line (Crane, 1995) .
While every country plans substantial telephone line growth, the markets of the Asia Pacific region have been characterized as falling into three broad divisions (Crane, 1995) .
The first consists of the developed nations, principally Australia, Hong Kong, Singapore and Japan. These countries do not "need external investment to create new infrastructure. They are chiefly concerned with privatizing state-owned monopolies and introducing new competition to improve efficiency and reduce prices.
The second division includes countries such as Korea, Taiwan, Malaysia and Thailand, which have already instituted reforms and whose telecoms provision is to some extent matched by their economic activity. What they need is not finance from abroad so much as expertise to help develop their networks and then use them properly. Some have ambitions -in multimedia, for examplewhich are not justified by their economic development.
Third are the developing economies of China, India, Indonesia, the Philippines and Pakistan, where the telecoms infrastructure is not sufficiently developed to sustain the growth of industrial activity.
This characterization implies that Pakistan's telephone system has lagged somewhat behind the country's recent economic expansion and because of this is increasingly constraining that expansion. The purpose of this paper is to examine this proposition from a quantitative perspective. Specifically, we wish 1o assess the factors underlying the expansion of the telecoms system in Pakistan. Focusing on the growth in main telephone lines during the period [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] (the period for which comparable World Bank data are available) in general, and the growth of main telephone lines in particular. Has the recent growth in telephone lines in Pakistan lagged behind that of the economy? Do the factors responsible for the expansion in telephone lines differ considerably from those at work in other developing countries? In short, has Pakistan's recent experience been unique or rather is it typical of that found in developing countries as a whole? The answers to these questions are used to draw several policy implications.
II. Methodology
The literature on infrastructure stresses several different themes. On the one hand it is often felt that infrastructural investment tends to precede economic activity. In this mechanism an expanded stock of social overhead capital lowers the cost of directly productive activity, thus stimulating a wave of investment. Another strain of thought contends that infrastructure is largely passive, responding to the needs created by recent or current economic expansion. A final approach stresses the budgetary process and tradeoffs in allocation between current and capital expenditures. This view attempts to explain allocations to infrastructure in the light of competing claims made by other types of infrastructure and/or allocations to such public consumption categories as the military.
The first step in our analysis of factors affecting Pakistan's telecommunications was to identify which of the main patterns characterize developing countries over the 1970-90 period. For this purpose several factor analyses were undertaken. The basic assumption of factor analysis is that a limited number or underlying dimensions (factors) can be used to explain complex phenomena. The resulting data reduction produces a limited number of independent (uncorrelated) composite measures. In the current example, measures such as economic growth and investment in the 1970s and 1980s, external debt, defence expenditures, electric generating capacity, agricultural growth, expansion in paved roads and irrigation systems and population growth were used to identify the main linkages with the expansion in telephone lines during the 1980-1990 period.
Formally, as an initial step in exploratory data analysis, factor analysis has three objectives (Frane and Hill, 1987) : to study the correlations of a large number of variables by clustering the variables into factors such that variables within ~ each factor are highly correlated; to interpret each factor according to the variables belonging to it; and to summarize many variables by a few factors.
The usual factor analysis model expresses each variable as a function of the factors common to several variables and a factor unique to the variable:
Where zj = the jth standardized variable m = the number of factors common to all the variables uj = the factor unique to variable zj aj; = factor loadings The number of factors, m, should be small and the contribution of the unique factors should also be small. The individual factor loadings, aji• for each variable should be either very large or very small so that each variable is associated with a minimal number of factors.
To the extent that this factor analysis model is appropriate for the problem at hand, the objectives stated above can be achieved. Variables with high loadings on a factor tend to be highly correlated with each other and variables that do not have the same loading patterns tend to b~ less highly correlated. Each factor is interpreted according to the magnitudes of the loadings associated with it.
Perhaps more importantly here, the original variables can be replaced by the factors with little loss of information. Each case (firm) receives a score for each factor; these factor scores can be computed as:
where bij are the factor-score coefficients. Factor scores are in tum used in the :ediscriminant analysis that follows. In general these factor scores have less error and are, therefore, more reliable measures than the original variables. The scores express the degree to which each case possesses the quality or property that the factor describes. The factor scores have a mean of zero and standard deviation of one.
Operationally the computations of factors and factor scores for each industry were performed using a principal component~ procedure. factor scores were used as (relatively) uncorrelated independent variables in a regression analysis of main telephone line expansion in the 1980s. A discriminant analysis was also performed to determine whether high or low growth main telephone line countries shared a common environment.
III. Results
The first factor analysis 2 (omitting the expansion in telephone main lines) found five main trends (factors) in the data set ( From these patterns it appears that infrastructure has tended to follow or be associated with current economic expansion, rather than initiate a followon process of economic growth. The country factor scores for each dimension (Table 2) suggest that Pakistan scores especially highly on Factor 3, growth in the 1980s. The country's growth in the 1980s with expanded infrastructure investment in the 1980s was also above average.
Including the expansion in telephone main lines in the 1980s in the factor analysis (Table 3) reinforced Factor 3 -growth in the 1970s followed by expanded infrastructure in the 1980s. In this regard telephone lines appear to be associated 2. The main source of data was the recent complication of infrastructure statistics compiled by the World Bank. This data set was supplemented with figures on defence expenditures supplied by the United States Arms Control and Disarmament Agency. The data set consists of 144 countries, 116 of which were classified as developing and hence included in the analysis. However due to missing observations, the average sample size for analysis was around 56 countries. with prior growth and the simultaneous expan~ion of paved roads and electric generating capacity. Pakistan's factor score in this third factor increased significantly (Table 4 ) with the inclusion of telephone lines. Again this suggests that Pakistan's overall infrastructure performance during the 1980s was quite high (1.673) relative to that of most other developing countries. 1980 -1990 GDPG7080 =GDP Growth, 1970- Note: Based on analysis presented in Table 3 .
In fact, of the sample countries, Pakistan had the highest score for this particular dimension.
The final factor analysis (Table 5 ) included the expansion in telephone main lines during the 1975-80 period (1970-74 figures are not available). To maintain the same relative number of infrastructure variables, paved roads were omitted from this analysis. Again telephones along with electric generating capacity loaded quite heavily on past economic growth (now Factor 1).
In sum, the picture that emerges from this exploratory factor analysis is one in which infrastructure responds to the needs created by prior growth. The main types of infrastructure appear to expand simultaneously, with no major tradeoffs occurring. Also, there do not appear to be a major pattern of budgetary conflict between infrastructure and allocations to defence. The next step in the analysis was look at telephone main line expansion from a somewhat different perspective. Here we were interested in determining whether countries with rapid expansion in telephone main lines during the 1980s shared a common set of characteristics that set them apart from countries with below average rates of main line growth.
For this purpose a discriminant analysis 3 was used to determine whether a limited number of the variables used in the proceeding factor analysis could be used in predicting whether a particular country's expansion in main lines placed it in a high or low group. For our purposes here the two groups of countries were defined on whether their main telephone lines expanded above (high group) or below (low group) the sample mean of 8.05% for the 1980-90 period.
An examination of the variable means by group (Table 6) suggests that:
• The high group (group 2) appears to have stronger overall rates of growth in both the 1970 and 1980s. This pattern also characterizes infrastructure growth such as paved roads and, to a lesser extent electric generating capacity (in the 1970s).
• This group also has a higher proportion of its debt accounted for by multilateral loans.
• On the other hand its rates of population growth and expanded irrigation are less than the rates experienced in the low group.
On a statistical basis, however, only four variables were significant in profiling the two groups of countries (Table 7) namely: GDP growth in the 1980s; the share of multilateral debt in external debt, 1991; the debt service to export ratio in 1991; and the growth in investment in the 1970s. These four variable were capable of correctly classifying 81 % of the countries as experiencing high (25 out of 30) or low (22 out of 28) main telephon~ line growth in the 1980s.
Pakistan seems to fit the normal profile of a high growth country, with the model classifying it with a probability of 99.6% (Table 8) as being in that group.
3. Cf. the discussion in SPSS for Windows Professional Statistics Release 6.0 (Chicago: SPSS 1993), chapter l for a discussion of the computational methods used. 1980 --1990 GDPG7080 =GDP Growth, 1970-80; GDPG809l =GDP Growth, 1980--91; GDIG7080 =Growth in Investment, 1970-80; GDIG8091 =Growth in Investment, 1980--91; GCG7080 =Growth in Government Consumption, 1970-80; GCG8091 =Growth in Government Consumption, 1980--91 Finally a regression analysis was performed to determine the relative importance of the main factor dimensions (Table 1) in determining the expansion in main telephone lines during the 1980s. This analysis (Table 9) found two factors (Factor 2 and Factor 3) significant in this regard. The beta coefficients of 0.46 and 0.33 respectively suggest that Factor 2 (prior growth) is somewhat stronger in this regard than Factor 3 (current growth).
• Again, Pakistan appears to fit the model quite well. During the 1980s that country's main telephone lines expanded at an average annual rate of 10.78%. The model predicted (Table 9 ) the rate would have been 10.22%, a difference of Table 7 Discriminant Analysis of Telephone Line Growth, 1980 Growth, -1990 Groups TELF = l = countries with telephone line expansion during 1980-90 lower than the sample mean (8.05%). TELF = 2 = countries with telephone line expansion during 1980-90 higher than the sample mean (8.05%).
Step Percentage of "grouped" cases correctly classified: 81.03% 0.56%. On the whole however the model only accounts for around 30% of the observed variance in main telephone line expansion. As with our initial analysis of high and low telephone line countries, a discriminant analysis was performed to determine whether countries above and below the regression line shared a common set of characteristics. Since the various measure of economic growth were incorporated in Factors 2 and 3 of the regression analysis, this analysis was confined largely to various measures of infrastructure and defence expenditures, areas of potential competition with telephone lines for scarce resources. Also, since telephone line growth has been so rapid in the mid-east and south Asia region following the oil boom of the 1970s and early 1980s (oil revenues and expatriate femittances) a regional variable MESA (2 for Middle East, south Asia countries and 1 for other parts of the world) was added to the analysis.
Again some patterns seem present (Table 10) . Those countries which expanded their telephone main lines at rates faster than that predicted by the regression Of these variables, however, only three: defence burden in the 1980s; energy production (EP) in the 1970s; and the regional variable (MESA) were statistically significant in classifying countries into the two predetermined groupings.
The standardized coefficients suggest that the military variable was the most important followed by energy production and finally the regional variable. These three variables correctly classified around 79% of the countries as being above or below the regression line.
Pakistan, again, seems to fit the model fairly well (Table 11) , being classified with a 97.4% chance of having a rate of main telephone line expansion more rapid than that predicted by the regression model.
IV. Conclusions
The statistical work outlined above suggests that much of the main telephone line growth in the 1980s can be explained by a limited number of factors. Of these the most important appears to be economic performance in the previous decade. Apparently this growth creates pressures that can be alleviated only through expanded infrastructure, including main telephone lines. The growth in main telephone lines also appears to occur more or less simultaneously with that of electricity generating capacity and paved roads. Linkages with expanded railroad tracks and irrigated acreage are much weaker. Note: Based on analysis in Table 10 .
